L. rufus*
The pure cultures were maintained on Modess' agar the composition of which is the following (MonEss, 1941) : KH 2 P0 4 0.5 g, MgS0 4 ·7 H 2 0 0,5 g, NH 4 Cl 0,5 g, Malt extract 5 g, Glucose 5 g, FeCl 3
, 1 % sol. 0.5 ml, Agar. 15 g, Distilled water 1000 ml. The medium was sterilized at 116 o C for 20 minutes.
The mycelia were inoculated on new agar slants once a month and the tubes were kept four weeks at room temperature (22-24°C) after which they were transferred to refrigerator temperature. For sixteen of the test organisms (indicated by in the above list) fruiting bodies were collected. These were cleaned of dust and sand by scraping and no water was used for cleaning. The fruiting bodies were cut into small pieces and dried at 40°C until they were easy to grind to fine powder. The powder was kept in a closed wessel in tfue refrigerator.
RESULTS

Adaptability to submerge d culture
The adaptability to submerged culture was investigated by some experiments where the mycelia were grown on different media. The primary criterion in these experiments was 40 how rapidly the fungi used the sugar in the medium. The first screening experiment to omit the most slowly growing species was made by growing the mycelia in the three following media: a ) 5 % malt extract, b) Modess. ' medium (MoDEss 1941) , c) Reusser's medium (REusSER & al., 1958) the composition of which is as follows:
Glucose 40 g, Ammonium tartrate 8 g, KH 2 P0 4 0.5 g, MgSo 4 ·7 H 2 0 0.,5 g, CaC1 2 50 mg, FeS0 4 ·7 H 2 0 2 mg, MnS0 3 • H 2 0 2 mg, Pyridoxine 1 mg, p-Aminobenzoic acid 1 mg, Thiamine 0.5 mg, Distilled water 1000 ml. The glucose was sterilized separately and the vitamins were added in separate solution which was sterilized by filtration. All three media were bottled in 250 ml · Erlenmeyer-flasks, 80. m1 in each, and they were sterilized at ll6°C for 20 minutes.
The inoculation was made by transferring two agar slants of every species into 80 ml 5 % malt extract. The flasks were incubated 10 days at room temperature as stationary cultures. The grown mycelium was washed with sterile distilled water and was then broken by use of a sterile Ultra-Turraxmachine. The homogenized mycelium was suspended into 80 ml of sterile water and 10 ml of this suspension was used to inoculate each flask. Because of the different amount of growth of the test organisms the suspensions employed as inocula were made visually as similar in density as possible. Every organism and medium was tested in duplicate. The flasks were incubated for two weeks in a rotary shaker (200 rpm ) at 28°C. After this period the growth was scored visually. Table  1 shows the results of the experiment.
On the basis of the results of the experiment indicated in An experiment concerning the sugar consumption ·was made with the remaining species in order to evaluate the utilization of carbon and the ylield of mycelium per quantity of sugar used . Reusser's medium, which contains glucose, and Modess' medium, which contains maltose in addition to glucose, were 
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chosen for this experiment. Sugar determinations were made (a) before inoculation and (b) at the time the incubation was interrupted according to the method of Bertrand ( GR:oSSFELD, 1935) . A two weeks old stationary culture of mycelium was used as inoculum. The mycelium was broken by Ultra-Turrax into sterile water and 10 ml of the suspension was inoculated into 80 ml of the medium in a 250 ml Erlenmeyer flask. The flasks were incubated in a rotary shaker (200 rpm ) at 28°C. Incubation was continued until a considerable amount of rapidly growing mycelium had developed. During the incubation the volume of the medium was controlled by adding distilled water to compensate for evaporation losses . The mycelium was separated by Buchner-filtration, and was then dried to constant weight. Table 2 shows the efficiency of submerged growth expressed as grams of mycelium per 100 grams reducing sugar. The results clearly indicated that several of the species included in this experiment grow too slowly to be useful for submerged mycelium production. The growth rate seemed to depend on the medium as well as on the species. However, both the media emploved are commonly used in the submerged cultivation of fungi. In either or both of the media the following ten species yielded mycelium to an amount higher than 25 % of the weight of the utilized sugar and might thus be worth further attention: C antharellus cibarius, Hyprophoropsis aurantiaca, Suillus bovinus, S. variegatus, S. grevillei, Leccinum testaceoscabrum, Armillarie!la mellea, Lyophyllum loricatum, Kuchneromyces mutabilis and Cortinarius hemitrichus. ·
Amino acid content
For the production of mycelium for amino acid analysis the fungi were grown in submerged culture in 2 liter fermentors which contained 1 liter medium. The temperature was 28°G, agitation 280 rpm and the aeration rate was 1 1 air /min/1 medium. Although the first experiments had shown that Reusser's medium would not be optimal for all the test organisms this medium was used in these experiments because its composition is exactly defined. The first cultivations were made with the species which had the greatest yield coefficients in the sugar consumpiton experiments. In addition mycelia of those species for which fruiting bodies were available were also produced.
The inocula were made from two weeks old stationary cultures of the corresponding fungi. The mycelia were washed with water, broken with Ultra-Turrax and suspended in sterile water. These suspensions were used as inocula. The inocula were made visually as similar in density as possible. The growth was followed by taking twice a week a sample for sugar and ammonium nitrogen determinations (GROSSFELD 1935 , CoNWAY 1957 The growth of the mycelia is presented in Table 3 where the main composition of the mycelia is also compared with the corresponding data for the fruiting bodies. The results show that the growth rate of the fungi was very low. Compared with microorganisms grown in submerged culture even the shortest cultivation time with Lyophyllum loricatum, i.e. seven days, must be considered far too long. The average growth time in the medium used was 27 days. The average protein content in the mycelia (32.2 %) cannot be regarded as high but it was higher than in corresponding fruiting bodies (27.1 %) .
The amino acid determinations were carried out in the following way : The dry powdered preparation of either mycelium or fruiting bodies was heated at 103°C to constant weight and 100· mg of this material was weighed into 100 ml of 6-n HCI. Nitrogen gas was bubbled through the solu tion before hydrolysis. The hydrolysis was made under reflux at 180°C and nitrogen was conducted into the vessel through the condenser. After hydrolysis the solution was filtered to remove humin and the hydrocloric acid was removed in Rotawapor evaporator at 40°C . Distilled water was added and evaporated unti l the pH of the solution was about 2. One drop of 30 % H 2 0 2 and some ml :s of water were added to the dry amino acids to oxidize cysteine to cystine and the solution was allowed to stand for one hour at room temperature. The amino acids were diluted with 12.5 % sucrose soiution, the pH was adjusted to 1.9-2.1 and the final volume of the solution was 25 ml, one ml of which was analyzed by Technicon Auto Analyzer.
There are notes in the literature on losses of amino acids during hydrolysis, but, on the other hand, according to a number of investigators valine will not be liberated at the same time with other amino acids. To obtain reliable results the mushroom material was hydrolyzed for different periods of time, 12, 20, 24 and 72 hours. After 12 hours hydrolysis only a -e-diaminopimelic acid was released quantitatively. There was no evident difference in the amino acid composition of the material hydrolyzed for 20 and 24 hours, and the 20 hours hydrolysis was chosen as the zero time. No rise in the valine content occured after 72 hours hydrolysis even if a metal catalyst was used, but the amounts of cystine and isoleucine increased and the amount of increase was constant. The amoun t of aumonia atso increase d as a result of the destrunction of labile amino acids. After 72 hours hydrolysis losses of aspartic acid, threonine and serine occured. In .the final results all the values are extrapolated to the zero time. Because of the complete destruction of tryptophan during the acid hydrolysis it was determined separately employing the enzymatic method described by SPIES ( 196 7), which is based on the use o.f pronase ( Calbiochem) . The selected methods were maintained constant throughout all the analyses and every determination of amino acids was made immediately after hydrolysis to avoid losses which occur in solutions.
Because it seems purposeless to describe in detail the amino acid composition of 18 44 different mycelia and 14 preparations of fruiting bodies, three species are chosen to give a representative picture of the amino acid composition. The fruiting bodies of these species are commonly used as food and the experience of their adaptation to submerged cultivation has been satisfactory in the authors' experiments. The amino acid composition of the fruiting bodies and the mycelia of Leccinum scabrum, Cantharellus cibarius and Armillariella mellea and the average amino acid composition of the fungi investigated are presented in Table 4 (a corresponding comparison of the amino acid contents of the mycelium and fruiting bodies of Boletus luteus is presented in the accompanying paper; HATTULA & GYLLENBERG, 1969) . The range of variation in the amounts of amino acids considering all the fungi investigated as compared to the F AO recommendations are presented in Table 5 .
The present results show that the amino acid composition in different species is very similar in the mycelium and the fruiting body, respectively. The main component is ninhydrinpositive a-e-diaminopimelic acid which is not known to be of nutritional value. All the essential amino acids are present in most of the species but the amounts of valine and methionine are very small. The small amonut of methionine in microbial protein is well known but the small amount of valine seems to be characteristic of Finnish fungi. There are, however, very few species of fungi in which other essential amino acids than methionine and/or valine are lacking. The fruiting body of Lactarius necator contains no valine, methionine, isoleucine and phenylalanine but in the corresponding mycelium only methionine is lacking. There occurs in the fruiting body of this fungus more than 50 % of a-£-diaminopimelic acid as compared with the total amount of amino acids. If the average contents of the essential amino acids are compared to the F AO recommendations only valine and methionine remain both in the mycelia and in the fruiting bodies below the limits defined. The amount of cystine in the Finnish fungi is unusually high. Because cystine can substitute for methionine up to 80 50 in the diet the low valine content seems to constitute the only real amino acid deficiency of the fungi investigated.
SUMMARY
Out of 33 species of fungi only ten were found to adapt easily to submerged growth. However, these organisms, too, required as a rule 14 day or more for a complete utilization of 4 per cent sugar in a synthetic medium. The highest yield coefficient for mycelium production (g mycelium per 100 g consumed sugar ) among these fungi was 57 (Cortinarius hemitrichus) whereas the highest protein content in dry mycelium was 49.7 % ( K uehneromyces mutabilis). The protein content of the mycelia produced in submerged culture was on the average somewhat higher than the corresponding figure for the fruiting bodies of the same fungi. The amino acid composition of the protein was in general the same in corresponding preparations of mycelium and fruiting bodies. Except for valine and methionine fungal protein seems to be a satisfactory source of essential amino acids.
